The rate of aspartame degradation was measured in sterile chocolate milk and compared with the rate of aspartame degradation in inoculated chocolate milk. These degradation rates were then compared with rates determined in chocolate milk produced in a pilot plant. All samples were monitored on a weekly basis to follow the change in pH, percentage of titratable acidity, microbial population, and aspartame concentration. The halflife of aspartame in sterile milk was found to be up to 60% longer than that of HTST-processed chocolate milk. The rate of aspartame degradation in chocolate milk was found to be related to initial microbial load and subsequent growth of contaminants.
INTRODUCTION
Aspartame (n-L-a-aspartyl-L-phenylalanine,l-methyl ester) is a nutritive substance with an intensely sweet taste and flavor-enhancing properties (1, 4, 8, 9, 14) . Although very stable in aqueous systems at pH near 4.3, stability at neutral pH in some food systems may present a limitation to its use. The chemical degradation of aspartame follows Anhenius kinetics for time and temperature at a specified PH (4).
Due to its intensely sweet character, aspartame use in many food systems can provide a significant reduction in calories even though it is isocaloric with sucrose on an equal weight basis. One food product that could benefit from the use of aspartame to reduce caloric content is chocolate milk. Unfortunately, the normal pH of chocolate milk does not lie within that range considered optimal for aspartame stability. However, because the normal shelf-life of chocolate milk is also relatively short and because chocolate milk is distributed under refrigerated conditions, increased aspartame degradation may not be an issue.
Aspartame degradation rates previously measured in chocolate milk (unpublished data) did not agree with kinetic information on the degradation of aspartame in sterile milk (6). One possible explanation for this discrepancy was the microbial load contained in pasteurized chocolate milk Microbial content has been shown to affect the degradation rate of aspartame in some but not all food products (6, 15) . This study was designed to determine if the discrepancy between degradation rates measured in chocolate milk and sterile milk were the result of contaminating microorganism. In addition, a series of experiments were designed to determine if alternative pasteurization conditions could affect the subsequent degradation of aspartame.
MATERIALS AND METHODS
Chocolate milk was made according to the following formulation: 97.8% (wt/wt) skim milk, 2% cocoa (Sevilla; NA"R4 US Inc., Northport, NY), .075% stabilizer (LaCtarin MV 406; FMC Corp., Rockland, ME), .04% NaC1, and .05% aspartame. This formula was used for a l l samples in this study. All ingredients except aspartame were mixed and sterilized at 121'C for 15 min. A 1.0%0 solution of aspartame was filter sterilized and added after heat treatment.
Spoiled chocolate milk was obtained by purchasing a commercial sample and holding under refrigeration until spoilage was evident. This spoilage was a natural result of post- processing contamination and any microorganisms able to survive pasteurization. Aliquots of spoiled chocolate milk were stored at 4'C and quantitated using standard methods (12) prior to use as inoculum. Sterile chocolate milk was inoculated with two different levels of spoiled chocolate milk to approximate postprocessing microbial content of chocolate milk (5,16,13). Subsequent growth during storage at 4'C was monitored weekly using standard methods (1 0). In addition, pH and titratable acidity were measured at weekly intervals (2).
To study actual processing conditions, chocolate milk was p p a r d in a pilot plant.
Pasteurized skim milk was used as the "raw milk" for the double pasteurized process. To approximate raw milk, the pasteurized skim milk received was inoculated with approximately 10, OOO cfu (from spoiled chocolate milk) prior to processing. Three different processing temperatures were used: 76, 98, and 121°C. The holding time for each temperature was 15 s. Subsequent growth during storage at 4'C was monitored as noted.
Samples were prepared for HPLC analysis of aspartame by first extracting 10 ml of chocolate milk with 50 ml of 12.5 mM phosphate buffer:methanol (75:25) at pH 3.0 (6). Fifty milliliters of hexane were then added, and the mixture was shaken for 5 min. After shaking, the samples were centrifuged at 1500 x g for 5 min to %parate the two liquid phases. The aqueous layer was removed and filtered through a .45-pm nylon 66 membrane into HPLC auto-injector vials. A Hewlett-Packard 1090 (Hewlett-Packard, Avondale, PA) liquid chromatograph was used with a Supelco LC-18 (Supelco, Inc., Bellefonte, CA) column (5 pm, 25 cm x 4.6 mm). The nm conditions used were as follows: mobile phase, 9% acetonitrile with .26 mM dimethyloctylamine in 17 mM sodium phosphate adjusted to pH 3.45 with 10% NaOH, flow rate, 2.0 ml/min; temperature, WC. sample injection volume, 25 pl; run time, 30 min. Detection was at 210 nm. With this procedure, aspartame elutes at approximately 15 min.
RESULTS
In the sterile chocolate milk used as the control, the pH remained constant at 6.74 f .02 throughout the storage period. The rate constant of decay for the aspartame was determined to be .024 f .001 G1, which results in a half-life of 28.7 d. In contrast, inoculated chocolate milk showed a substantial increase in the decay rate of aspartame. This change in decay rate can be correlated to an increase in total microbial load as shown in Figure 1 . Figure 1 shows colonyforming units per milliliter and the corresponding decrease in half-life of aspartame as determined from the measured decay rates.
In the pilot plant tests, aspartame decay rates in stored chocolate milk also changed over time. All rates in chocolate milk produced in the pilot plant were higher than that measured in sterile chocolate milk. The average aspartame decay rate measured over a 3-wk storage period was fastest for product with the highest initial postpasteurization microbial load (Table  1 ). Higher pasteurization temperatures resulted in lower initial microbial loads and lower aspartame degradation rates. As with the model system in which sterile chocolate milk was inoculated to simulate postprocessing contamination, the rate of aspartame degradation in the pilot plant tests tended to increase over time. In samples pasteurized at 76'C (without inoculum added), the rate of aspmame decay for wk 1 was measured at .027 d-l, resulting in a half- to heat treatment for 15 s at given t a n -.
life of 25.9 d. The decay rate at wk 4 for the same samples was .038, leading to a half-life of 18.4 d.
DISCUSSION
In this study, chocolate milk processed at 121'C for 20 min served as a sterile control for determination of the aspartame degradation rate. The effect of typical pasteurization process survivor microorganisms plus the Occurrence of postprocessing contamination was determined by inoculating sterile chocolate milk with spoiled chocolate milk. Previous research (3, 7, 11, 13, 16) indicated that an inoculum prepared in this manner was most likely to simulate commercial processing conditions. The same inoculum was used to elevate the initial microbial load prior to processing to simulate contaminated or raw milk.
Results of this study show that a clear relationship exists between the rate of aspartame loss and the level of microbial load in chocolate milk. Higher levels of initial microbial population and subsequent increases in population over time result in higher rates of aspartame degradation. These data agree with earlier studies that indicate that microbial degradation of aspartame does OCCUT (6).
The degradation of aspartame in sterile chocolate milk is found to have a pseudofirstorder decay rate. In contrast, the degradation of aspartame in chocolate milk containing microorganisms resembles second-order decay b e tics. Standard plate counts of retail chocolate milk have been r e p o d to range from 7.9 x 10' to 1.8 x lo7, with an average of 1.2 x 104 (5). These microbial populations are considerably higher than levels used in this study. Processing procedures designed to reduce microbial loads should, therefore, increase the halflife of aspaxtame in chocolate mille and extend product shelf-life. These procedures could include the use of higher processing temperatures, the use of prepasteurized ingredients for product formulation, double pasteurization, and better control of postpasteurization contamination.
